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Objective: The purpose of this study was to determine the prevalence, distribution, and extent of varicosities and focal
dilatations in the saphenous trunks, their association with the sites of reflux, and their correlation with CEAP classes.
Methods: This prospective study included patients belonging to different CEAP classes (2-6) and a control group of age-
and gender-matched healthy volunteers (group C). Color-flow duplex scan imaging was used to evaluate the entire venous
system from groin to ankle for reflux and obstruction. Varicose segments and focal dilatations of the great and small
saphenous veins (GSV and SSV) were recorded, and the diameters throughout the length of the saphenous trunks were
measured. The presence of varicosities in the tributaries and accessory veins were documented.
Results: From the 739 consecutive patients, 239 were excluded due to superficial venous thrombosis (SVT), deep venous
thrombosis (DVT), both SVT and DVT, previous interventions, or C3-C6 presentation with no chronic venous disease
(CVD). The included 500 patients (681 limbs) were divided into two groups based on CEAP class: group A (C2  C3)
and group B (C4-6). Group A had significantly more women than group B and a younger mean age (48 vs 56 years).
Overall, GSV reflux (86%) was more prevalent than SSV reflux (17%), P < .0001. Saphenous trunk diameters,
saphenofemoral junction (SFJ) and saphenopopliteal junction (SPJ) involvement were greater in group B, (P < .01).
Group C had smaller saphenous diameters compared to group A in all locations (P< .05) but the malleoli. The prevalence
of the saphenous varicose segments in both groups was small with the GSV in group B being the highest (4.3%) and the
SSV in group A being the smallest (1.2%). Focal dilatations were significantly more prevalent than varicosities in the
saphenous trunks (P< .0001). Varicosities of tributaries and accessory veins weremore prevalent than those of saphenous
trunks (P< .0001). The mean length of varicose segments in the saphenous trunks was short (3.8 cm, range, 2.1-6.4 for
group A vs 4.1 cm, range, 2.3-8.3 for group B, P  .09).
Conclusion: A novel definition for varicosities in the saphenous trunks was established. Using this definition, it was
determined that focal dilatations are far more common than varicosities. Because both of these entities are more prevalent
in the accessory saphenous veins and tributaries, and CEAP class correlates positively with the extent of reflux and
saphenous trunk diameter, studies on earlier interventions are warranted to prevent CVD progression. (J Vasc Surg
2010;51:96-103.)Chronic venous disease (CVD) is a common problem
affecting about 25 million people in the United States.1,2
The clinical presentation of CVD is delineated into seven
classes (0-6)3 of which varicose veins are the second most
predominant.4 It has been well established that varicosities
involve the tributaries and the accessory veins.5-7 Varicosi-
ties in themain trunk of the great and small saphenous veins
(GSV and SSV) have been reported,5-9 but not the exact
distribution and extent throughout the saphenous venous
system. Additionally, reflux of the saphenous trunks has
been implicated in the development of varicose veins,10-13
yet this correlation in conjunction with the distribution of
the varicosities remains to be elucidated.
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96Furthermore, there is only one study with prospective
data consisting of 103 limbs with varicose veins. It was
determined that 98% of the varicosities proved to be a
tributary of the GSV, and 34% of the GSVs demonstrated
segmental dilations and reflux, thus concluding that a var-
icose GSV does not exist but that reflux of the GSV is
implicated in the development of varicosities.14 Conse-
quently, this prospective study was designed to determine
the prevalence, distribution, and extent of varicosities in the
saphenous trunks, their association with the sites of reflux,
and their correlation with CEAP classes.
PATIENTS AND METHODS
Consecutive patients with signs and symptoms of CVD
who presented to the vascular laboratory for evaluation of
their lower extremity veins were included in the study. All
patients gave informed consent to be included in the study.
This prospective study included patients with primary ve-
nous reflux (CEAP classes C2-C6). Group A consisted of
patients with CEAP classes C2-C3, and group B consisted
of patients with C4-C6. Patients with prior treatment to
their veins (ligation, stripping, phlebectomy, ablation, or
sclerotherapy), bypass procedures, trauma, radiation, throm-
bosis, and congenital malformations were excluded.
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scans for reflux and obstruction from groin to ankle. The
techniques for both have been described earlier.6 The
diameter of the saphenous veins and their accessories were
measured throughout their length. The largest diameter
was recorded for each segment in the saphenofemoral
junction (SFJ), thigh, knee, calf, and medial malleolus for
the GSV and thigh, saphenopopliteal junction (SPJ), calf,
and lateral malleolus for the SSV. Focal dilations (1.5-3
times the diameter), varicosities, and aneurysms were re-
corded (Fig 1). Varicose vein segments were considered to
be present when at least two dilatations were present in
continuity (Fig 2, a). Dilatations of only the valve sinus or
of a short segment (2 cm in length) were not considered
varicosities (Fig 2, b). Trunks 20 mm for GSV and 15
mm for SSV, or at least three times the upper limit of the
average diameters, were considered aneurysms (Fig 2, c).
The precise location and extent of varicose segments were
recorded in detail in the standing position using an ana-
tomic drawing that had skin and muscular and bony land-
marks (Fig 3). The length of the varicose segment was
measured from the proximal normal/varicose wall interface
to the distal varicose/normal wall interface. When the
varicose segment was longer than the transducer footprint,
the panoramic view was used to demonstrate the entire
length of the affected segment.
The entire length of GSV from the SFJ to the medial
malleolus and of the SSV from SPJ or the uppermost
segment of its thigh extension to the lateral malleolus were
imaged using high-resolution linear multifrequency trans-
ducers (5-17 MHz, iU-22; Phillips, Bothell, Wash). The
saphenous veins were identified in their canal. Any vein
outside the canal was termed as an accessory vein or a
tributary.15,16 Even vein segments that exit the canal at one
point and re-enter the canal to reunite the saphenous vein
were considered accessory veins. Absence of the saphenous
vein in any part in its course was termed aplasia. A signifi-
cant reduction in the diameter (50% of the adjacent
proximal normal diameter with the affected segment mea-
suring 2 mm) was termed hypoplasia. Duplication was
Fig 1. Schematic drawing showing the definitions for focal dila-
tation, varicosities, and aneurysm in the saphenous trunks.defined as a second vein within the same canal.The data were compared to a selected age- and gender-
matched group of normal individuals without CVD (group
C matched with group A). These healthy volunteers were
imaged with an ultrasound scan, and all those with reflux or
obstruction were excluded. The exclusion criteria for
groups A and B were applied to this group as well.
Statistical analysis. Descriptive statistics were used to
Fig 2. Ultrasound images of saphenous veins with different wall
morphology. a, Varicose vein segment of the great saphenous vein
(GSV) in the saphenous canal. b, Short segment focal dilatation of
the GSV. c, Aneurysm of the GSV (2.5 cm).analyze the patients’ characteristics. Age comparison, dura-
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between the two groups was performed with a two-tailed
t test. The 95% confidence intervals for the saphenous
diameters at all locations were also calculated. The preva-
lence of varicosities and focal dilatations in the saphenous
veins were compared using the 2 test and the Fisher’s exact
test. A two-tailed test was performed in all occasions. The
level for statistical significance was set at 0.05.
RESULTS
There were 739 consecutive patients of whom 239
were excluded because of the following: 57 due to C0 and
C1 disease, 24 had superficial venous thrombosis (SVT), 41
had deep venous thrombosis (DVT), 16 had both SVT and
DVT, 64 had previous intervention, and 37 had a clinical
presentation of C3-C6 disease but with no CVD (lymphed-
ema, systemic diseases such as heart or renal failure, infec-
tion, skin disease, malignancy, and arterial disease). The
patients’ characteristics are shown in Table I. The number
of females was significantly higher in group A, and the
number of males was significantly higher in group B (P 
.001). Themean age of patients in group Bwas significantly
higher than in group A (P .001). The prevalence of reflux
in the GSV was higher than the SSV in both groups (GSV
86% vs SSV 17%; P  .0001 and in nonsaphenous veins
9%). Many patients had reflux in more than one of the three
types of veins.
The GSV and SSV diameter was found to increase
consistently with CEAP class (Tables II and III). In each
measured location throughout the GSV and SSV course,
Fig 3. Anatomic drawing that used skin, muscular an
varicose segments. The different compartments were rec
Great saphenous vein; A, femoral artery; V, femoral veingroup B had larger diameters than group A. Limbs in groupC had significantly smaller diameters in both saphenous
veins in all locations except themedial and lateral malleolus.
Furthermore, SFJ and SPJ involvement also had a direct
relationship with CEAP class, as group B had both a higher
percentage of focal dilations and varicose segments in both
the SFJ (Table IV) and SPJ (Table V). Overall, group B had
a higher percentage of combined GSV and SSV varicose
segments than group A (6.69% vs 3.28%; P  .055). In
group C, by definition, both saphenous veins were selected
not to have varicosities, but also no focal dilatations were
found.
The prevalence of varicose segments in the GSV and
ny landmarks to record precise location and extent of
ed as shown in the 3D section in the lower thigh. GSV,
Table 1. Demographics and baseline characteristics of
the patients and the control groups
Group A Group B Group C
CEAP class 2  3 4  5  6 C0PN
Mean age in
years
48 56 47
Total No. of
patients
300 200 25
Total No. of
limbs
427 254 50
No. of males 58/300 (19%) 114/200 (57%) 7/25 (28%)
No. of females 242/100 (81%) 86/200 (43%) 18/25 (72%)
Age comparison group A vs group C, P .9; group A vs group B, P .001.
Number of females group A vs group C, P  .44; group A vs group B, P 
.001.
Number of males group A vs group C, P  .44; group B vs group A, P 
.001.d bo
ognizSSV was small. More often, these segments were located in
 .05
 .05
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frequently in the GSV than in the SSV (6.44% vs 3.53%;
P  .1). Focal dilatations were far more prevalent than
varicosities in both the GSV and SSV (P  .0001). The
GSV had a higher prevalence of focal dilatations com-
pared to the SSV (P  .0001).
The presence of varicosities in the accessory veins and
tributaries of the GSV and SSV were more common in
group A compared to group B (94% [402/427] vs 81%
[202/254]; P .0001). In both groups, the varicosities of
tributaries and accessory veins were more prevalent com-
pared to the saphenous trunks even when the dilatations
were combined with the varicosities for the latter (P 
Table II. Great saphenous vein diameters
Locations
Group A
Mean 95% CI Range Mean
SFJ 7.6 7.37-7.83 4.5-26 9.4
Thigh 5.3 5.14-5.46 1.4-31 6.9
Knee 4.4 4.27-4.53 0.6-28 5.4
Calf 3.4 3.3-3.5 0.7-22 4.2
MM 2.8 2.71-2.89 2.2-7.2 3.3
CI, Confidence interval; SFJ, saphenofemoral junction; MM, medical malle
GSV diameter group A vs group B, P  .01 for all comparisons.
GSV diameter group A vs group C, P  .05 for all comparisons but MM P
Table III. Small saphenous vein diameters
Locations
Group A
Mean 95% CI Range Mean
TE 2.2 2.14-2.26 0.8-7.6 2.9
SPJ 4.3 4.14-4.46 2.4-21 5.1
Calf 3.1 2.98-3.22 0.7-23 3.5
LM 1.9 1.85-1.95 0.8-4.2 2.2
CI, Confidence interval; TE, thigh extension of small saphenous vein; SPJ,
SSV diameters group A vs group B, P  .01 for all comparisons.
SSV diameters group A vs group C, P  .05 for all comparisons but LM P
Table IV. Great saphenous vein
Locations
Varicose segments
Group A % Group B
SFJ 1 0.23 1
UT 0 0 1
MT 1 0.23 1
LT 3 0.7 3
Knee 1 0.23 1
UC 3 0.7 3
MC 0 0 1
LC 0 0 0
MM 0 0 0
Total 9 2.1 11
SFJ, Saphenofemoral junction; UT, upper thigh; MT, mid thigh; LT, lower
Prevalence of varicose segments group A vs group B, P  .1.
Focal dilatations group A vs group B, P  .0001..0001). The mean length of the varicosities was short andcomparable in the two groups (3.8 cm; range, 2.1-6.4 for
group A vs 4.1 cm; range, 2.3-8.3 for group B; P  .09).
The prevalence of saphenous vein duplication was
small (GSV 11 limbs, 1.6% and SSV 14 limbs, 2.1%) and
was not related with the presence of varicosities or the
clinical class, P  .7 for all comparisons. In group C, no
duplications were found in the GSV, and one limb had a
duplicated SSV.
DISCUSSION
The population studied was comparable to those that
have been reported with similar CVD classes in the litera-
ture. There was a preponderance of females in group A
Group B Group C
95% CI Range Mean 95% CI Range
8.96-9.84 5.1-32 5.7 4.9-6.5 4.4-7.8
6.64-7.16 2.1-29 4.1 3.4-4.8 1.4-5.3
5.18-5.62 0.8-27 3.6 3.1-4.1 1.1-4.6
4.02-4.38 0.7-26 2.8 2.2-3.4 0.9-4.2
3.15-3.45 2.6-8.4 2.6 2.3-2.9 1.9-3.7
.
Group B Group C
95% CI Range Mean 95% CI Range
3.05 0.7-9.2 1.9 1.6-2.2 0.7-3.2
.82-5.38 2.6-24 3.2 2.7-3.7 1.8-4.6
.35-3.65 0.8-25 2.3 1.9-2.7 0.7-3.5
.11-2.29 0.7-4.4 1.8 1.65-1.95 1.4-3.1
opopliteal junction; LM, lateral malleolus.
.
Focal dilatations
Group A % Group B %
22 5.15 30 11.81
10 2.34 11 4.33
16 3.75 19 7.48
29 6.79 34 13.38
11 2.57 14 5.51
24 5.62 27 10.63
5 1.17 8 3.15
2 0.47 4 1.57
0 0 0 0
119 27.87 147 57.87
; UC, upper calf; MC, mid calf; LC, lower calf; MM, medial malleolus.olus.4
3
2
saphen%
0.39
0.39
0.39
1.18
0.39
1.18
0.39
0
0
4.33
thigh(81% vs 19%) and of males in group B (57% vs 43%). The
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to the phenomenon that women are more likely to seek
medical attention early in the disease process, especially if
cosmetic issues arise.17 Furthermore, females are likely to
have a higher prevalence of reflux and varicose veins due to
hormonal reasons and pregnancy. Men are more likely
to seek attention at later stages of CVD and this could
explain the higher percentage in group B.
Our results demonstrate a higher age in group B com-
pared to group A. This may imply the progressive nature of
CVD and the implications of long-standing venous hyper-
tension, as both groups had varicose veins and primary
disease.6,17 Additionally, reduced physical activity and
poorer calf muscle pump performance in older patients may
account in some part for the deterioration of CVD.6,17,19
Caggiati et al13 found that limbs from older subjects not
only showed higher CEAP scores, but also a greater pro-
portion of varicose saphenous trunks or junctional incom-
petence.
The prevalence of GSV reflux was significantly higher
than in the SSV, with findings similar to prior re-
ports.5,6,10,18,19 Another study with a patient population of
women with C2 disease demonstrated a prevalence of 60%
with GSV reflux only, and 17% with SSV reflux only.20
Currently, there is no explanation for this significant differ-
ence in prevalence. Probable reasons for this are the longer
length, the higher number of tributaries in GSV, and the
higher number of valves in the SSV when it is normalized
for length; each vein contains about 8 valves.21,22
We have found that GSV and SSV diameters increase
with CEAP class, similar to previously published data on
GSV23,24 and SSV25 diameter. This further supports the
findings that saphenous diameters are associated with ve-
nous reflux.23,24 However, a larger diameter in the saphe-
nous vein in patients with primary CVD would indicate the
presence of reflux, but a normal or smaller diameter would
not be to exclude it. There is also a direct association of SFJ
and SPJ involvement with CEAP class, a pattern concurrent
with several studies.6,10,12,13,20,23,26 These data are in ac-
cordance with the progression of venous disease where
Table V. Small saphenous vein
Locations
Varicose segments
Group A % Group B
TE 0 0 1
SPJ 1 0.23 1
POP F 1 0.23 1
UC 1 0.23 1
MC 2 0.47 2
LC 0 0 0
LM 0 0 0
Total 5 1.17 6
TE, Thigh extension of small saphenous vein; SPJ, saphenopopliteal junction
malleolus.
Prevalence of varicose segments group A vs group B, P  .34.
Focal dilatations group A vs group B, P  .0001.reflux advances from the tributaries and accessory saphe-nous veins to the saphenous trunks or develops in new
locations.6,12,15,18,19,24,27 Patients with skin damage have
a higher prevalence of junctional involvement. It could be
assumed that patients with primary CVD have more long-
standing disease compared to CEAP classes 2 and 3. Junc-
tional reflux which is in continuity with the saphenous
trunks is associated with a greater amount of refluxing
blood.24
Much of the literature has acknowledged that varicos-
ities arise infrequently in the saphenous trunks, but there is
a wide range of data on the actual occurrence. The study by
Caggiati et al,13 reports a prevalence of saphenous trunk
varicosities of 62% in a group with an average age of 60
years, and 39% in a group with a mean age of 30 years. On
the contrary, other studies of limbs with primary varicose
veins have shown a complete absence of varicosities in the
saphenous trunks10,11,15 or only segmental dilations.14
The definitions of varicosities in these studies are based on
either the latest CEAP revision or individual definitions,
which may overestimate or underestimate the true occur-
rence of saphenous varicosities.3 In this study, we have
shown that the prevalence of varicosities is7% in either or
both saphenous trunks. More importantly, we are the first
to describe an explicit definition for varicosities of the
saphenous trunks using objective criteria with high-
resolution ultrasound scan. We define a saphenous varicos-
ity as 2 dilatations in continuity, where dilatations are
identified as venous diameters 1.5-3 times the baseline
diameter. This was done to avoid misinterpretation of a
naturally occurring enlargement at the valve locations or
focal dilatations of such segments. The current classifica-
tion of varicosities determined by the American Venous
Forum’s consensus, only states that veins dilated3 mm in
the upright position or simply reflux in the superficial veins
may be considered varicose veins and may include the
saphenous trunks.3
The majority of varicose veins are located in the saphe-
nous vein tributaries or accessory veins. Corroborating with
that principle, this series demonstrates that the combined
prevalence of varicosities and focal dilatations is still less
Focal dilatations
Group A % Group B %
9 3 0.70 4 1.57
9 7 1.64 9 3.54
9 2 0.47 5 1.97
9 3 0.70 4 1.57
9 6 1.41 10 3.94
1 0.23 2 0.79
0 0 0 0
6 22 5.15 34 13.39
F, popliteal fossa;UC, upper calf;MC,mid calf; LC, lower calf; LM, lateral%
0.3
0.3
0.3
0.3
0.7
0
0
2.3
; POPthan the prevalence of varicosities in the saphenous tribu-
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tected a saphenous tributary as the primary varicosity in
98% of the limbs, however, like others, they did not give a
precise definition of varicosities in the saphenous trunks.
Zamboni et al14 also noted that segmental dilatations of the
GSV are short, which is comparable to our data of the
length of either a dilatation or varicosity. In fact, the mean
length of the varicosities for the first time in our study was
shown to be approximately 4 cm regardless of CEAP class.
Another phenomenon that has been documented with
Fig 4. Panoramic views by 3D volume-rendered CT ven
lower extremity. a, Short-segment varicosity of the great
off the GSV at the knee, [3] Segmental hypoplasia of the
hypoplastic segment with varicose tributaries). b,Varicos
SSV, [3] cranial or dorsal extension of SSV, [4] me
gastrocnemial veins, [6] popliteal vein, [7] communicatin
Jean-Francoise Uhl.a great range of data is the presence of great or smallsaphenous vein duplication. Anywhere from a rate of 20%
to 50% of venous duplication has been found in early
studies.28-30 Recently, these bifid trunks have been further
delineated into “true” (within the saphenous canal) and
“false” (within the superficial fascia) duplications, and con-
sequently, a substantially lower rate of true great saphenous
duplication has been found at 1%31 and 9%.32 In our study,
we have found a true duplication rate of approximately 2%
for both great and small saphenous trunks in both pa-
tient groups and that was comparable to the control
hy demonstrating the veins affected by varicosities in the
nous vein (GSV) accessory vein ([1] GSV, [2] Varicosity
at the level of the varicosity, [4] Normal GSV below the
f the small saphenous vein (SSV) ([1] GSV, [2] tortuous
gastrocnemial vein, [5] common trunk of SSV with
n of the calf between the SSV and GSV). Courtesy of Drograp
saphe
GSV
ities o
dial
g veigroup. Our findings indicated that saphenous vein du-
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CVD.
Our study provides additional evidence for the previ-
ously described findings on the lesser prevalence of varicos-
ities in the saphenous trunks.10,13 The GSV wall is thicker
than that of tributaries or accessory veins, the trunks are
confined within the saphenous compartment, and they are
anchored within the compartment by the saphenous liga-
ment.13,33-35 Similarly, the occurrence of varicosities is
1% in the lower two-thirds of the leg due to the paratibial
course, which has restrictive fascia and a small amount of
fat. The veins affected by varicosities in the lower extremity
have been demonstrated in a panoramic view by 3D volume-
rendered CT venography as seen in Fig 4.36,37
Limitations of the study. Although we used strict
criteria and definitions, this cross-sectional study does not
provide longitudinal data on the saphenous wall changes
that could clearly explain the progression and development
of CVD. The strong indirect support for the way that
morphologic wall changes occur needs to be tested in a
longitudinal manner. Only patients with primary disease
were examined, so the findings may not apply to those
having secondary disease or a combination of both primary
and secondary disease. Our sample was selected and, there-
fore, these data may not apply to other populations. Our
study had mostly white patients of European descent.
There were also some Hispanic, African American, and
Asian patients. However, the size of the last three groups
was too small to allow meaningful analysis based on race.
Implications for clinical practice. Regarding en-
dovenous ablation procedures, our findings indicate that
negotiation of wires and catheters through the saphenous
veins should be straightforward in over 95% of patients, as
the varicosities in the saphenous trunks are rare and of short
length. In fact, the latter is not a problem when a double-
puncture technique is used above and below the varicose
segments.
In patients that require bypass procedures, the saphe-
nous vein could still be used despite the presence of vari-
cosities in the limbs. For the majority of the time, these
varicosities are in the accessory veins and in the tributaries.
Even in patients with varicose saphenous segments, sec-
tions of the vein may still be long enough for use as a bypass
conduit.
The development of primary CVD in most patients
results from incompetence of the saphenous system, which
if left untreated, may progress to the higher stages of
disease.16 Our findings indirectly support the progressive
nature of CVD. Consequently, findings of focal dilatations,
varicosities, and larger diameters in the saphenous trunks
could indicate that treatment in earlier stages may reduce
the prevalence of skin damage. Our view is supported by
two studies from Pittaluga et al18,38 that demonstrated the
relationship of ascending reflux with severity of clinical
symptoms. In a very recent study, it was determined that
early, minimally-invasive interventions of the superficial
venous system are effective in reducing saphenous vein
diameter, reflux, and clinical symptoms for at least up to 4years postoperatively.38 However, additional and more rig-
orous studies will need to be conducted to seriously con-
sider this approach as common practice.
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